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Abstract

Mantids are a group most often studied in lab environments. While labs lend themselves
well to the ability to control the variables in an experiment, it is difficult to gauge the impact of
the environment itself on the data. This experiment aimed to see if different environmental
contexts would change the learned behavior of Chinese praying mantids (Tenodera sinensis) in a
captive setting. Trials were conducted over the span of four months and in two environmental
contexts. Mantids were introduced to one initial context where they learned to avoid toxic prey
and were then switched to the other context. With data from 10 mantids and a total of 151 trials,
the mantids overall did not change their behavior when introduced to the second environment.
This suggests, contrary to previous experiments suggesting a low learning efficacy, mantids may
have the capabilities of learning at a higher level than other insects. Furthermore, it lends more
validity to previous trials that had been conducted in labs before, given that mantids will still
perform learned behaviors regardless of context.

A somewhat interesting behavior was observed over the course of the trials that had only
been recorded once before. The mantids, rather than just not attacking toxic prey, chose to attack
and then reject the prey after learning they were toxic. This finding could suggest that the taste of
a learned toxic prey stimulates the response to reject it. These findings help give more
information about mantises as sit-and-wait predators, and how they might react in the wild when

encountering a toxic prey item.
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Introduction

The term praying mantis refers to a larger family of insects that utilize their forelegs to
capture prey items, typically other small insects (Brannoch et al. 2017). A distinctive trait of the
family is the foraging strategy that they utilize to optimize their rate of prey capture in their
environment. Described as “sit-and-wait” or ambush predators, mantids will perch in one spot on
a plant or other raised object and wait for prey to pass by around them. They will then strike and
consume the prey (Yamawaki 2017). This strategy reduces the energy expenditure of the mantids
and likely evolved alongside their particular body shape and coloration to benefit through
mimicry of the plants they perch on (Ross and Winterhalder 2015). As expected, mantids will
opportunistically attack most prey that passes by due to the uncertainty of getting a second
chance later, though this varies with the satiety of the mantid (Pickard et al. 2021). Some of these
prey types may be too large, which is passed on, or may be toxic to the mantis (Berenbaum and
Miliczky 1984). A variety of strategies have been noted in mantids to facilitate their survival and
give the best benefit to attacking prey.

Previous behavioral studies on mantids have shown the ability to recognize and learn the
aposematic colorations of unpalatable prey and avoid them in subsequent tests (Berenbaum and
Miliczky 1984). This study also noted the behavior of each mantid changing throughout the trials
as they gained experience with the toxic prey. The mantids would partially eat the milkweed bug
after attacking but would choose to reject the prey eventually. Overall, each trial saw a decrease
in the number of mantids attacking the toxic prey as well as a reduced time it took for the mantid
to release the prey if they did still attack (Berenbaum and Miliczky 1984). Other studies saw
other mechanisms of learning to eat toxic prey such as in toxic butterflies (Mebs et al. 2017).

Mantids would eat around the gut of the butterflies and discard the remaining midgut. This
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behavior removed compounds found in the butterflies' host plants that could not be absorbed by
the mantids after consumption. This behavior allows the mantids to eat the prey while
specifically removing the aspects that were toxic to them (Mebs et al. 2017). Later studies on
avoidance learning in mantids as sit-and-wait predators varied between specific prey species
(Carle et al. 2018). Mantids would attack novel prey with conspicuous colorations more than
novel prey without the coloration when both were made unpalatable. Yet, the mantids would go
on to reject every conspicuous colored prey while still consuming some of the less-attacked
novel prey. The mantids, contrary to the earlier 1984 study, actively attacked the conspicuous
colored prey while still rejecting them as they would be expected to. These results showed varied
effects on contextual learning on the foraging behaviors of mantids, as well as possible
mechanisms of the evolution of foraging behavior (Carle et al. 2018).

The majority of previous behavioral studies on mantids required controlled environments
achieved most efficiently in a lab. These animals are raised to maturity in these environments
and are then studied in the same (Bosse et al. 2022). However, recent studies investigating the
attack and defense behavior of mantids have shown that the previous environment of the mantid
had an impact on its decision to ignore or react to a stimulus. Mantids that were wild-caught
were equally likely to be aggressive or ignorant of the stimuli, while lab-raised mantids showed
equal amounts of increased attention and aggressiveness to the stimuli. Wild mantids likely had
more experience with what the simulated stimulus could have been and could make a decision
about how to behave based on that experience. The lab-reared mantids had none of the prior
experience and thus chose to react aggressively as a defensive tactic to novel stimuli. The context
in which the mantids were reared heavily impacted their decisions in an attack or defensive set of

behaviors yet were not analyzed for their prey behavior (Bosse et al. 2022).
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Studies with jumping spiders, while not sit-and-wait predators, have shown that context
did affect their avoidance behavior of unpalatable prey (Skow and Jakob 2005). Spiders taught in
one environment were moved to another and subsequently had differing actions from what they
had displayed as learned behavior. As the spiders were not sit-and-wait predators, they would
encounter different environments more frequently, while the mantids are more likely to stay in
one environment for their lifespan (Skow and Jakob 2005). Additionally, studies with fruit flies
have revealed information about how the flies process context in response to visual stimuli
(Oram 2022). A looming or approaching object would result in differing behaviors depending on
what the object doing the looming was. For flies, this allowed them to react appropriately via
landing, perching, fleeing, or courting the object (Oram 2022). In mantids, this external visual
element could result in similar findings, allowing them to appropriately respond to a change in
their environments.

Mantids and other sit-and-wait predators have been previously suggested to have lower or
limited learning capabilities compared to other predatory or prey insects. With the jumping
spider experiment, the data was used to examine how the change in environment would entirely
remove what the spiders knew about the toxic prey (Skow and Jakob 2005). Mantids in other
experiments have been shown to continuously attack generated stimuli with no reward over the
course of all trials (Baum et al. 2014). This low learning capability could lead to the behaviors
described in previous studies, particularly concerning the varied attack patterns for novel or
conspicuous prey as in Carle et al. 2018. Mantids that attack all prey items will have more
opportunities to attack prey that is not toxic. If mantids took the time to recognize toxic prey

before attacking, they would likely miss the chance to attack at all. As how jumping spiders
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changed their behaviors when in a new context, it is possible that mantids would do so as well so
they could raise the chances of attacking new non-toxic prey items.

Given the mixed results of other studies on prey behavior of mantids and learning, this
study sought to observe if the mantids had a similar low learning capacity to jumping spiders and
other sit-and-wait predators by observing if their learned behavior would change depending on
the context it was learned in or switched to. As mantids were shown in other studies to have
behavior skewed towards attacking prey or stimuli, it was hypothesized that they would revert to
attacking and consuming the toxic milkweed bugs when introduced into a different environment

than the one they had learned in.

Methods
Animal Care and Acquisition

Ten Chinese mantids (Tenodera sinensis) were captured as nymphs at instar levels
varying from 4th to 5th. The mantids were obtained from the Avon Nature Study Area in
Rochester Hills. The mantids as nymphs were kept in approximately 1-gallon containers with
ventilation provided as slits in the top and sides of the container. Mantids were provided with
one to two sticks that had been sterilized before use. Enclosures were misted once a day in the
morning with only enough water that they would be dry by the end of the day. If any water
remained at the end of the day, the enclosure was manually dried, and the sticks replaced.
Nymphs were provided with small size crickets (Gryllus assimilis) that were no larger than
forelimb length at a rate of one cricket every two days. If nymphs did not eat a cricket that day,
they would not be offered another cricket until the next feeding cycle. Mantids were fed crickets

in their home enclosures and not in any trial areas. Any molts were removed from the enclosures
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when they were noticed and the mantid's instar level was updated. When a mantid reached a size
greater than three inches, they were moved to an approximately 2-gallon container with the same
ventilation and sticks they had previously. When all mantids reached adulthood, trials began.
Crickets were purchased from local pet stores and kept in 2-gallon containers with slits in
the top and sides as ventilation. Crickets were provided with paper egg cartons to use as hides
and a damp sponge as a water source. Milkweed bugs (Oncopeltus fasciatus) utilized in the trials
were captured from roadside milkweed plants and the Avon Nature Study Area. Milkweed bugs
were not present in the study area until approximately two months after mantids had been
captured and thus would not have come into contact with the mantids before the trials began.
Milkweed bugs were kept in a 2-gallon container with seed pods from the host plant they were
taken from. They were provided with a damp sponge to use as a water source and proper
ventilation as slits in the top and sides of the enclosure. Milkweed bugs were captured at both
adult and nymph stages but only adults were used in the trials. A few box elder bugs (Boisea
trivittata) were found with the milkweed bugs when they were being acquired, and as a result,
each bug was initially put in a separate container until they could be properly identified as
milkweed bugs. Box elder bugs were released back onto the host plant if possible. If a box elder
had been brought away from the host plant by accident with the milkweed bugs and identified

later, it was released onto a similar plant that was close to the testing location.

Trial Arena
The trial area consisted of two separate containers, one larger (58.7 x 41.6 x 46 cm high)
and one smaller (31.5 x 20.3 x 9.8 cm). The smaller container was set inside the larger container

and would remain unchanged throughout all trials and contexts. The larger container would be
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decorated as either a natural or unnatural environment according to a randomly assigned starting
context for each mantid. In the natural context, the larger container was wrapped internally with
blue construction paper that had been taped on trees and clouds made from green, brown, and
white construction paper. The bottom of the larger container was covered with green
construction paper and fake plants were wrapped around the outside of the smaller container. In
the unnatural context, the walls and bottom were covered in plain white construction paper with
no additional visual elements. In all cases, the smaller container had not been altered such that
the context change was purely visual.

The 10 mantids were randomly assigned a starting context of either the natural or
unnatural context, with sexes being kept balanced between the two. Mantids were not fed for one
feeding cycle before the initial trial, with each subsequent trial having a period of two days
between them. After each trial with a milkweed bug, mantids were offered a cricket to consume.
All mantids attacked and at least partially ate the cricket after each trial but would've been

excluded if they hadn't.

Trial Procedure

The mantids were placed in the smaller container at the beginning of each trial and given
5 minutes to settle. A milkweed bug adult was then added into the smaller container in front of
the mantid such that it would be seen. Then a 5-minute timer was started, at which the mantids
had the chance to attack the bug. If not attacked or consumed at the end of the 5 minutes, the bug
would be removed and reintroduced to the rest of the bugs in their enclosure. The mantid was

then reintroduced to their home enclosure and offered a cricket.
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The initial trials took place in the randomized starting context for each mantid and lasted for 10
trials to allow for a sufficiently long learning period based on the study by Berenbaum and
Miliczky (1984). After these trials were completed, the mantids would then be instead trialed in
the opposite context. This would take place with the same procedure and setup, with only the
context surrounding the smaller container changing. These trials in the second context would
continue until there were no mantids still alive to do the trials. Adult mantids that died were in
their final instar stage and presumed to have died of old age, as it was around late winter when
the final mantid died.

Behavior towards the milkweed bugs was categorized as either attacked and consumed
“C,” attacked but not consumed “A,” or neither attacked nor consumed “D.” Each mantid's data
was recorded after the trial and attached to their enclosure to not mix up data between them. The
data was formulated in a table using Microsoft Excel, with columns for each trial and rows for
each mantid. The table was split into two after the first 10 trials, separating the data into the
preliminary learning trials and the secondary switched context trials. This data was translated
into learning curves for each mantid as well as averaged into an average curve for the entire

population.

Results
Raw Data

A total of 151 trials were performed over 10 mantids, with a maximum of 17 trials for
one mantid. Data was filled in regarding the type of behavior that was exhibited for each trial.
Table 1 has been split into two sections, with the first being the learning trials and the second

being the switched context trials.



Kvasnovsky 10

Table 1. Raw data of mantid behavior over 17 trials for the 10 individual mantids. “C” refers to

prey being both attacked and consumed. “A” refers to prey being attacked and not consumed.

“D” refers to prey being neither attacked nor consumed. Data after the 10th trial is in the

switched context.

Mantis # - Sex

(Starting Context) |Trial 1 |Trial 2 |Trial 3 |Trial 4 |Trial 5 |Trial 6 |Trial 7 |Trial 8 |Trial 9 |Trial 10
Mantis 1 - Female

(Natural) C C A C A A D A A D
Mantis 2 - Female

(Natural) C C C A A A D A A A
Mantis 3 - Female

(Natural) C C A C A D A A A A
Mantis 4 - Male

(Natural) C C D A D A D D A D
Mantis 5 - Female

(Natural) C C C C A C A A A A
Mantis 6 - Female

(Unnatural) C C C A C A A A A A
Mantis 7 - Male

(Unnatural) C A C C A D D A D A
Mantis 8 - Female

(Unnatural) C C A C A D A D D D
Mantis 9 - Female

(Unnatural) C C C C A A C A A A
Mantis 10 - Female

(Unnatural) C A C A A D A D A A




Table 1 (cont).
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Mantis # - Sex

(Switched Context) [Trial 11 |Trial 12 |[Trial 13 |Trial 14 |Trial 15 (Trial 16 |Trial 17
Mantis 1 - Female

(Unnatural) A A D A - - -
Mantis 2 - Female

(Unnatural) A A A A D - -
Mantis 3 - Female

(Unnatural) A A D A D A A
Mantis 4 - Male

(Unnatural) D A D D D - -
Mantis 5 - Female

(Unnatural) C A A D - - -
Mantis 6 - Female

(Natural) A D A A A A -
Mantis 7 - Male

(Natural) D D A D D - -
Mantis 8 - Female

(Natural) D A D D - - -
Mantis 9 - Female

(Natural) A D A A A A D
Mantis 10 - Female

(Natural) A A D D - - -

Learning Curves

This data was translated into an appropriate format for a program like Microsoft Excel to

work with and was then made into individual learning curves for each mantid. These lines were

then averaged into a single curve of which a linear equation was fit to determine the overall trend

of learning across the entire span of the experiment.
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Fig. 1. Individual mantid learning curves spanning 17 trials. Each mantid received their own
curve. The key on the right-hand side contains data about which mantid is represented on each
line and what the sex of each mantid was. Background colors have been changed to represent

which context was being tested at the time of the trial for each mantid.
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Fig. 2. Averaged learning curves for each mantid over all 17 trials. Distinctions have been made
for each group of mantids: if they started in the natural context, the unnatural context, or if the

data has been averaged across contexts.

The line fit to the data on the average learning curve showed an overall trend towards the
mantids learning to stop consuming the toxic prey. From trials 1 to 5, there was a line fitting the
data of y=-0.22x + 3.24 (R?>=0.8521). While from trials 5 to 17 the line that best fit was y=-
0.0149x + 1.8327 (R?=0.0919). An overall best fit line for the average of all learning curves was
y=-0.0782x + 2.635 (R?=0.6404).

In terms of the categorical data, 100% of mantids consumed the toxic prey in the first
trial, but in the last trial with all ten mantids, 0% of mantids consumed the toxic prey. This trial
was trial 14, which also had ratios of 50% of mantids attacking and 50% of mantids ignoring the

prey. A chi-squared test was run between the last trial of the initial context and the first trial of
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the switched context to find there was no significant difference in the ratios of mantids attacking,
consuming, or ignoring prey (p = 0.4949).

A third graph was created showing the differences in sex on the learning curves. This
figure was brainstormed after it had been noted during the trials that the female mantids seemed
to attack the toxic prey more readily than the males. The graph is composed similarly to the
average learning curve graph Fig. 2 but is separated based on sex and not starting context. Error
bars were added based on standard deviation to account for differences in the number of mantids

in each group.

Consumed

Attacked

Ignored

Triall Trial2 Trial3 Trial4 Trial5 Trial6 Trial7 Trial8 Trial9 Trial 10 Trial 11 Trial 12 Trial 13 Trial 14 Trial 15 Trial 16 Trial 17

— Average Female Mantids Average Male Mantids

Fig. 3. Averaged learning curves for each sex over all 17 trials. Distinctions have been made for
each group of mantids: if they were male or female. Note that only 2 male mantids were used for
the trials while 8 female mantids were used. Error bars have been constructed based on standard

deviation values.



Kvasnovsky 15

Discussion
Learned Avoidance

In the initial 10 trials, there was a goal of teaching the mantids to recognize the milkweed
bugs as toxic prey that should not be consumed. This goal was achieved within the four trials it
took for the majority of the mantids to stop consuming the bugs after attacking. While one
mantid in particular, Mantid 5, continued to occasionally eat the toxic bugs up to trial 11, the
majority of mantids quit after the fourth trial. Given the data, it is likely that the mantids did not
have an innate avoidance of the milkweed bugs and did need to learn that they were toxic. The
percentage of mantids that consumed the milkweed bug was 100% for the first trial, which would
be much too high to conclude they innately avoided the bugs.

This finding is in line with previous research that found an approximate 50% decrease in
the consumption of toxic prey after each trial persisted (Berenbaum and Miliczky 1984). Learned
avoidance is a better fit for the sit-and-wait style of predation that mantids utilize rather than
innate avoidance. If mantids innately avoided certain prey items, it could result in the loss of
prey that is not toxic but utilizes mimicry as a defense mechanism. As mantids tend to stay in
one environment for their entire lives, it would be beneficial if they could learn the species in
their environment as they encountered them rather than relying on an innate mechanism of
avoidance (Kaltenpoth 2005). Any mantids that migrate before laying their oothecae would have
a disadvantage of a new environment with new prey to learn to avoid. As mantids tend to be
moved artificially through environments, it would not make sense for them to evolve an innate
avoidance of any prey items (Hurd et al. 1983).

It is possible that as the mantids grew older and started to pass at the end of the trials,

they tended to not attack their prey by being too weak. This still would grant trials 11 through 13
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being early enough to potentially avoid these effects, as it would have a difference of about a
week between the final trial of one mantis and its death. Studies in mantis before have found that
mantids fed an exclusively milkweed bug diet experienced slower growth rates and were
deterred from eating (Paradise and Stamp 1990). It was stated that it was likely the toxins in the
milkweed bugs that were causing these effects, and that over a longer period of feeding would
cause long-term effects on health. However, as the mantids only consumed a small number of
milkweed bugs each, it is unlikely that the health detriments from the milkweed bugs would've
caused an effect on feeding rates aside from mantids rejecting them outright. Milkweed bugs
contain both a toxin and a bitter-tasting chemical that help to deter predators from consuming
them (Duffey and Scudder 1972; Alrich et al. 1997). It is possible that upon the capture of the
milkweed bug, the mantids were able to associate the taste with the previous toxins they
consumed. This would facilitate the learning of avoidance and would allow the mantids to

capture and reject the prey.

Attack and Rejection of Prey

As noted in the data of this experiment, the mantids continued to attack the milkweed
bugs through all 17 of the trials. There didn't seem to be a preference between attacking and
rejecting or just not attacking the milkweed bugs (R?=0.0919). This is similar to data found by
Carle et al., in which a mantis would attack conspicuous prey more often than inconspicuous
prey that were both made bitter (2018). In contrast to that experiment, there was no comparison
to an inconspicuous prey item, and thus it cannot be concluded that the conspicuous signals

triggered the attack response of the mantid. The overall pattern of continuing to attack follows
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the data in that experiment, but it would need more research in this vein to determine if the lack

of coloration on the mealworms in that experiment were the driving force reducing attacks.

Effect of Sex

It was noted that visually, it appeared the female mantids tended to attack the milkweed
bugs and crickets more readily. As no data was taken for the timing of the attacks, a graph was
created to compare the average learning curves between the male and female mantids. Figure 3
displays this data, alongside error bars to correct for the lack of male mantids used in the
experiment. As mantids were collected as nymphs, they were unable to be sexed until later in
their rearing. In the graph, there is overall only a small difference between the two groups, with
this difference being largely insignificant. There were only a few trials where there was a
significant difference, and for these trials, the female mantids were more likely to attack the prey
than the males were. Female mantids tend towards being larger than males as well as having
more morphological differences lending to catching larger prey (Kaltenpoth 2005). As males are
readily consumed by female mantids, it is possible that they invest fewer resources into attacking
and finding prey and instead tend towards moving through an environment to search for a mate
(Birkhead et al. 1988). This would explain why the males in my experiment had slightly lower
attack rates, but the difference was so low it would need to be repeated with a more equal

distribution of males to females.

Effect of Context
Contrary to what had been seen with jumping spiders and to my hypothesis, the context

that the mantids learned in seemed to have little to no effect on their learned behaviors (Skow



Kvasnovsky 18

and Jakob 2005). With jumping spiders, their behavior immediately changed after being
switched to the other context, with about 75% of the spiders going back to attacking the toxic
prey. As seen in this experiment, the mantids were largely unbothered by the switch, with a p-
value of 0.4949 being found between the last trial of the first context and the first trial of the
switched context. This suggests that the mantids retain their learned behaviors across
environments and contexts, unlike what had been seen in some other insect species.

Previous research with learning and context has been used to suggest a lower intelligence
level in jumping spiders as well as praying mantids (Baum et al. 2014; Skow and Jakob 2005).
More research is needed to determine why these differences have appeared in mantids and not in
other species of insects, as well as why different aspects of learning in mantids show differences
in learning capabilities. It is possible that different spaces of the brain are devoted to different
aspects of learning that differ in capacity. This would benefit the mantids by reducing energy
expenditure for aspects of learning that would potentially reduce fitness, such as stopping attacks
on prey over time.

As the mantids had a different outcome than other insects in terms of context-dependent
learning, more research is needed in different classes of insects to see where the distinctions lie.
If all sit-and-wait predators tend towards non-context-dependent learning, it could provide
valuable information about how insects learn. It is also possible that the contexts in this
experiment were not distinct enough to trigger a difference in the mantids, which could warrant
more research into where the boundaries lie between a similar context and a completely different

environment.
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